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(54) Solid-state image pickup device. 

(5?) A solid-state image pickup device includes a 
light receiving cell for accumulating electric 
charges created in response to a photo energy 
striking the gate of an amplification-type sensor 
and then produces a signal from the source 
region based on the accumulated carriers, a 
memory cell including an amplification-type 
memory cell having the same type as that of the 
above-mentioned amplification-type sensor, to 
accumulate a signal transferred from the light 
receiving cell into the base region of the amplifi- 
cation-type memory cell, and a signal line for 
electrically connecting the source region of the 
light receiving cell and the source region of the 
memory cell. The shift of the accumulation start 
timing to each row of the light receiving cells is 
suppressed to a small value. The same signal 
can be read from the memory cell several times. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a solid-state im- 
age pickup device and more particularly to a solid- 
state image pickup device including amplification-ty- 
pe light receiving cells. 

Related Background Art 

Figs. 1 to 4 show a structural example of a con- 
ventional solid-state image pickup device, respec- 
tively. Fig. 1 is a diagram showing the entire circuit 
configuration. The pixels 12-11 to 12-mn are ar- 
ranged in a matrix form in a substrate. Each pixel is 
formed of an n-channel, normally-on-type (depletion- 
type) static induction transistor (SIT) 22, a gate ca- 
pacitor 24 arranged to the floating gate 23 of the SIT 
22, and a p-channel, enhancement-type control tran- 
sistor 25 having a source-drain path connected to the 
floating gate 23 (in figure, each pixel is shown in brok- 
en line). Avideo voltage Vd is applied to the drain elec- 
trode (substrate) of the SIT forming each pixel to con- 
nect the row lines 26-1 to 26-m to the gate capacitors 
of the SITs in each of the row groups of the pixels 21 - 

11 to 21-1 n 21-m1 to21-mn arranged in theX-di- 

rection, so that the vertical scanning circuit (vertical 
shift register) 27 supplies the row selection signals 
4>gi to 4> Gm . Each of the column lines 28-1 to 28-n is 
connected to the sources of the SITs in the column 

groups of pixels 21-11 to 21-m1 21-1n to 21-mn 

arranged in the Y-direction. The column lines are 
grounded via the column selection transistors 29-1 to 
29-n, the common video line 30, and the load resistor 
31. The horizontal scanning circuit (horizontal shift 
register) 32 applies the column selection signals <j> S i 
to <j> Sn to the gates of the column selection transistors 
29-1 to 29-n. Moreover, the control gate line 33 is con- 
nected to the gate electrode of the control transistor 
forming each pixel to apply the control gate signal <j> c . 
The overflow drain line 34 is connected to the drain 
electrode of the control transistor 25 to apply the con- 
trol drain voltage V c . 

Fig. 2 is a plan view showing the layout of four pix- 
els adjoining to one another. Fig. 3 is a cross- 
sectional view showing the layout taken along the line 
A-A'. In this layout example, In order to improve the 
area efficiency of pixels formed on the substrate 40, 
the adjoining four pixels are symmetrically formed lat- 
erally and horizontally in the figure. The substrate 40 
serves as the drain of a static Induction transistor and 
is formed of an n + or n-type semiconductor. An n" epi- 
taxial layer 41 is grown on the substrate 40. An isola- 
tion region 42 such as a buried insulating material is 
formed in the epitaxial layer 41 to separate electrically 
and optically the adjoining pixels. In each pixel, the 
gate and the source of the SIT are respectively 



formed by the p + diffusion layer 43 and the n* diffu- 
sion layer 44 formed on the surface of the epitaxial 
layer 41 . The n + diffusion layer 44 is connected to the 
corresponding column lines 28-I and 28-(i+1) via the 

5 wiring layer 45, for example, formed of polycrystalline 
silicon. The row line electrodes 46-i and 46-(i+1) of, 
for example, polycrystalline silicon are formed on the 
p + diffusion layer 43 to form the row lines 26-i and 26- 
(i+1) via the gate oxide film. Thus, a gate capacitor is 

10 formed at a portion where the row line electrode con- 
fronts the p + diffusion layer 43. 

The p + diffusion region 43 of each pixel is formed 
so as to extend toward the middle portion of the ad- 
joining four pixels and acts as the source of the con- 

15 trol transistor 25 of each pixel. The p + diffusion layer 

47, which acts as the common drain of the control 
transistors of the four pixels, is formed in common in 
the surface of the epitaxial layer 41 in the middle por- 
tion among the four pixels, isolated from locating 

20 apart from the gate of the SIT from the p* diffusion 
layer forming the source of the control transistor in 
each pixel. The overflow drain line 34 is connected to 
the p + diffusion layer 47 by way of the wiring electrode 

48. The control gate electrode 49 of the control tran- 
25 sistor for the four pixels is arranged in common on the 

gate oxide film over the surface of the epitaxial layer 
41 between the p* diffusion layers 43 and 47 to form 
the control gate line 33. 

Let us explain below the operation of the above- 

30 configuration, with reference to the signal waveforms 
shown in Fig. 4. In this configuration, as described 
above, pixel signals are sequentially read out in ac- 
cordance with the X-Y address system where the row 
lines 26-1 to 26-m are sequentially selected while the 

35 column lines 28-1 to 28-n are sequentially selected. 
All pixels in a selected row line are simultaneously re- 
set during the horizontal blanking period t&\_, or the 
duration from the completion of the signal reading 
period t H of each row line to the next row selection. In 

40 particular, the operation of the pixel 21-22 shall be ex- 
plained below, with reference to the change in the po- 
tential V e (2,2) of the floating gate shown in Fig. 4. In 
the floating gate potential V Q (2.2) of the pixel 21-22 
shown in Fig. 4, the broken line represents the voltage 

46 where there is no incident light during imaging. 

At the timing t 1t when the voltage of the row se- 
lection signal fa applied to the row line 26-2 be- 
comes V* 0l the potential of the floating gate of each 
SIT connected to the row line is nearly boosted by 

so V<j> Q , more exactly, by the value expressed by the fol- 
lowing formula: 

(C G /Cj + C q )-V«>q 
where C G is the capacitance of the gate capacitor 24 
and Cj is the parasitic capacitance of the P + diffusion 
55 43. At the timing t 2 , when the column line 28-2 or the 
pixel 21-22 is selected in response to the row selec- 
tion signal <\> S2 reaching a high voltage level, the signal 
current depending on the gate potential V Q (2,2) of the 
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pixel 21-22 flows through the load resistor 31 via the 
column line 28-2, the column selection transistor 29- 
2, and the video line 30. The voltage drop across the 
load resistor 31 is read out as an output signal Vout. 
This signal reading operation is a nondestructive be- 5 
cause the light electric charges accumulated in the 
floating gate are normally left unchanged. 

Next, at the timing ta at which the signal reading 
from all the pixels 21-21 to 21 -2n connected to the 
row line 26-2 has been completed by completing the 10 
selection of the final line 28, or at the beginning of the 
horizontal blanking period tB L . the control gate signal 
4>c (voltage) applied to the control gate line 33 is -Vfo 
that turns on the control transistor 25. At this time, 
since the surface potential <t> s underneath the control 15 
gate 49 changes from «|> s (0) to <M-V*c). the gate po- 
tential V e (2,2) is forcibly clamped to the potential <|> s (- 
V<j> c ). This operation resets the gate potential so that 
the photo-electric charges Q p which are accumulated 
in the gate due to the light illumination are swept out. 20 
The voltage -V<|> c of the control gate signal $ c is set 
in such a manner that the surface potential <M-V<t> c ) 
underneath the control gate electrode 49 equals sub- 
stantially to the pinch-off voltage V GO of the SIT when 
the control gate signal is applied while the control 25 
drain voltage V c satisfies * 8 (-V<|>c)>Vc. 

At the timing t*. or the final point of the horizontal 
blanking period t BL . the row selection signal <j> G2 is at 
a low level while the control gate signal <fr c is at zero 
volt. Thus, the gate potential V G (2,2) Is lowered in ac- 20 
cordance with the formula: V G (2,2)=<(» S (-V<J> C )-V«|> G . 
Thereafter, the gate potential is increased by, e.g. 
Qp/C G (=AV QP ) because the light electric charges are 
integrated In accordance with the light received dur- 
ing the imaging period extending to the next reading 35 
operation. 

In the present configuration, the control gate sig- 
nal <|>c is applied to the control gate electrodes of all 
the pixels in selection state, in addition to the control 
gate electrode of the pixel connected to a selected 40 
row line. Therefore, when the control gate signal 
becomes a voltage -V<|>c, the surface potential under- 
neath the control gate electrode of a non-selection 
pixel becomes <|>s(-V<|> c ), or equals nearly to the pinch- 
off voltage Vqo of the SIT so that a part of the non- 45 
selection pixels accumulate the same amount of light 
electric charges. Hence, even if the boosted gate po- 
tential AV GP satisfies (j» s (-V<t> c )-V* G +AV OP ><|) 8 (-V«t»c). 
or AV GP >V<j> Q . the light electric charges corresponding 
to the potential <frs(-V<j> c ). or the gate potential exceed- 50 
ing the pinch-off voltage V GO of the SIT, are swept out 
to the overflow drain line 34 via the channel under- 
neath the control gate electrode. Moreover, since the 
overflow operation of the excessive electric charges 
is performed to all the non-selection pixels every time 59 
the row line is switched, intense incident light does not 
cause the potential of the floating gate to exceed the 
pinch-off voltage V go . Hence, a half-selection signal 



phenomenon can be effectively prevented. It can be 
said that a blooming control is performed equivalent- 
ly. Since resetting each pixel is performed by clamp- 
ing the floating gate of the SIT to the potential <|» s (- 
V<(> c ) using the control gate signal $ c , the residual 
photo-electric charge can be completely eliminated at 
the reset time. Hence, the present configuration can 
completely suppress many afterimage phenomena 
seen often when resetting is done by biasing forward- 
ly the pn junction between the gate and the source re- 
gion of the SIT. However, the above-conventional ex- 
ample has an operational limitation that since reading 
and resetting operations are sequentially performed 
to each row, the accumulation timing for each row is 
shifted so that the accumulation time for each row 
may be varied when a video signal during, for exam- 
ple, a specific period is taken out The SIT-type and 
amplification-type image element itself can perform 
a nondestructive reading operation. However, there 
has been a problem that with the light receiving sur- 
face kept illuminated with light, when the second 
reading is done without resetting after the first read- 
ing, light incident entering between the first and sec- 
ond reading operations varies the signal amount. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide 
an improved solid-state image pickup device that 
overcomes the foregoing problems, at least in some 
embodiments. 

In order to achieve the objects described above, 
the solid-state Image pickup device according to an 
embodiment of the present invention is characterized 
by a light receiving cell including a transistor, for ac- 
cumulating electric charges created in response to a 
photo energy striking the control electrode region 
and then for producing a signal from a main electrode 
region based on the accumulated carriers, the tran- 
sistor having the control electrode region and the 
main electrode region which are formed in a semicon- 
ductor substrate of a first conductivity-type, the con- 
trol electrode region being formed of a second con- 
ductivity-type opposite to the first conductivity-type, 
the main electrode region being formed of a semicon- 
ductor of the first conductivity-type, whereby current 
through the main electrode region is controlled by 
varying the size of a depletion layer defined between 
the control electrode region and the main electrode 
region by a potential of the control electrode region; 
a memory cell including a transistor and a memory 
cell corresponding to the transistor, to accumulate a 
signal transferred from the light receiving cell into a 
control electrode region of the memory transistor; 
and a signal line for electrically connecting the main 
electrode region for the light receiving cell and the 
main electrode region for the memory cell. 

The memory transistor may be a transistor where 
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the current flowing through the main electrode region 
is adjusted by controlling the volume of the depletion 
layer defined between the control electrode region 
and the main electrode region with a potential applied 
to the control electrode region. But that does not 5 
mean memory transistors formed of the same type. 
For. example, SIT elements may be used as the light 
receiving cell and FETs may be used as the memory 
cell, or vice versa. 

The embodiment of the present Invention in- 10 
eludes the same type transistor as the type of the light 
receiving cell forming transistor and memory cells 
each of which accumulates a signal transferred from 
the light receiving cell into the control electrode re- 
gion of the same-type transistor. The shift in the ac- 1 5 
cumulation start timing of each row line associated 
with the light receiving cells can be minimized by 
transferring signals from the light receiving cells to 
the memory cells of each row line to write them by one 
operation. The shielded memory cell, mode of a tran- 20 
sistor that can read out non-destructively a signal to 
the memory, can read out the same signal several 
times. 

According to another embodiment of the present 
Invention, the solid-state image pickup device, 25 
wherein plural photoelectric conversion pixels each of 
which accumulates electric charges created due to 
the energy of received light and amplifies electric 
charges are arranged In a matrix form, is character- 
ized by a transistor having a control electrode cou- 30 
pled capacitively to the output side of each of the pho- 
toelectric conversion pixels; and a switch for switch- 
ing the control electrode to a predetermined potential 
or an electrically-floated state, whereby a pixel signal 
is outputted from a main electrode of the transistor. 35 

According to the further another embodiment of 
the present invention, the solid-state image pickup 
device, wherein plural photoelectric conversion pixels 
each of which accumulates electric charges created 
due to the energy of received light and produces the 40 
amplified electric charges are arranged in a matrix 
form, is characterized by a transistor having a control 
electrode coupled to the output side of each of the 
photoelectric conversion pixels; signal accumulation 
pixels of which the number is twice the number of the 45 
photoelectric conversion pixels, each of the accumu- 
lation pixels to which both a pixel signal formed of a 
noise component output from a main electrode of the 
transistor and a pixel signal including the noise com- 
ponent are written; and a means for subtracting a pix- so 
el signal formed of a noise component output from 
each of the signal accumulation pixels from a pixel 
signal including the noise component. 

As shown in Fig. 5, the switch SW sets the base 
potential (the potential of one electrode of the capac- ss 
itor C connected to the base) of the bipolar transistor 
Tr to V, to input the image output V N including no light 
signal such as an LEO light from the photoelectric 
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conversion pixel (S) to the other electrode of the ca- 
pacitor C. In this case, the potential at the other elec- 
trode of the capacitor C is V N and the base potential 
(the potential of the electrode of the capacitor C con- 
nected to the base side) is VY 

Next, when the switch SW makes the electrode 
of the capacitor C on the base connection side in an 
electrically floating state, the pixel output V N+8 includ- 
ing the light signal is input from the photoelectric con- 
version pixel (S) to the other electrode of the capac- 
itor C. At this time, the potential at the other electrode 
of the capacitor C changes from V N to V N+S while the 
base potential changes from V, to (V^+Vn+s-Vn). Thus 
the signal based on the light signal component (V N+S - 
V N ) can be output from the emitter, or the main elec- 
trode, of the bipolar transistor Tr. As a result, there are 
no variations in light receiving pixel and bipolar tran- 
sistor. The sensor output with high S/N ratio can be 
obtained without increasing the sensing area by sub- 
tracting an external light signal. 

The other electrode of the capacitor C may be re- 
set (to the potential V 2 ) after the electrode of the ca- 
pacitor C connected to the base has been electrically 
floated. In this case, the potential of the other elec- 
trode of the capacitor C changes from V N to V 2 while 
the potential of the electrode of the capacitor C con- 
nected to the base changes from V, to ( Vz-Vn+Vi)- 
When the pixel output V N+S is inputted to the other 
electrode of the capacitor C, the potential of the other 
electrode of the capacitor C changes from V2 to V N+S 
while the base potential changes from (V2-V N +V1) to 
(V N+S -V N +V1 ). Similarly, a signal based on the light 
signal component (V N+S -V N ) can be outputted from 
the emitter of the bipolar transistor Tr. 

As shown in Fig. 6. the pixel output V N including 
no light signal such as LED light is temporarily accu- 
mulated into the signal accumulation pixel M. There- 
after, when the switch SW sets the base potential of 
the bipolar transistor Tr to V1 , the output V N is output 
from the signal accumulation pixel M to the other elec- 
trode of the capacitor C through the switch SW2. 
Then, when the base of the bipolar transistor Tr is 
made in an electrically floating state and the potential 
of the other electrode of the capacitor C is reset to V2, 
the output Vn+s including the light signal is outputted 
from the photoelectric conversion pixel. Thus, a sig- 
nal based on (V N+S -V N ) is outputted from the emitter 
of the bipolar transistor Tr and then is again accumu- 
lated into the signal accumulation pixel M. This oper- 
ation allows the sensor output with high S/N ratio to 
be obtained by subtracting variations in light receiving 
pixel, bipolar transistor Tr and accumulation pixel, 
and external light components. 

As shown in Fig. 7, the signal accumulation pixels 
M1 doubled in number to the photoelectric conversion 
pixel S are arranged. The pixel output V N including no 
light signal such as LED light is accumulated into the 
signal accumulation pixel M1 through the bipolar tran- 
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sistor Tr. The pixel output V N+S including light signal is 
accumulated into the signal accumulation pixel M2 
through the bipolar transistor Tr. The subtracting 
process is performed after reading the pixel output V N 
from the signal accumulation pixel M1 and the pixel 
output V N+S from the signal accumulation pixel M2 so 
that the signal based on the light signal component 
(Vn+s-Vn) can be output. 

Other objects and features of the present inven- 
tion will be apparent with reference to the following 
specification and the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic circuit diagram showing the 
configuration of a conventional solid-state image 
pickup device; 

Fig. 2 is a plan view showing the configuration of 
a conventional solid-state image pickup device; 
Fig. 3 is a cross sectional view showing the con- 
figuration of a conventional solid-state image 
pickup device; 

Fig. 4 is a pulse timing chart showing the opera- 
tion of a conventional solid-state image pickup 
device; 

Fig. 5 is a diagram explaining the function of the 
solid-state image pickup device according to the 
third embodiment of the present invention; 
Fig. 6 is a diagram explaining the function of the 
solid-state image pickup device according to the 
third embodiment of the present invention; 
Fig. 7 is a diagram explaining the function of the 
solid-state image pickup device according to the 
third embodiment of the present invention; 
Fig. 8 is a schematic circuit diagram showing the 
solid-state image pickup device according to the 
first embodiment of the present invention; 
Fig. 9 is a pulse timing chart showing the opera- 
tion of the first solid-state image pickup device; 
Fig. 1 0 Is a schematic circuit diagram showing the 
solid-state image pickup device according to the 
second embodiment; 

Fig. 11 Is a schematic circuit diagram showing the 
solid-state image pickup device according to the 
third embodiment of the present invention; 
Fig. 12 is a pulse timing chart used for explaining 
the operation of the solid-state image pickup de- 
vice shown in Fig. 11; 

Fig. 1 3 Is a schematic circuit diagram showing the 
solid-state image pickup device according to the 
fifth embodiment of the present invention; 
Fig. 14 is a pulse timing chart showing the pulse 
4>w input to the solid-state image pickup device 
shown in Fig. 13; 

Fig. 15 is a schematic circuit diagram showing 
partially the solid-state image pickup device ac- 
cording to the sixth embodiment of the present in- 
vention; and 



Fig. 1 6 is a schematic circuit diagram showing the 
solid-state image pickup device according to the 
seventh embodiment of the present invention. 

5 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will be 
explained below with reference to the attached draw- 
to ings. 

Fig. 8 is a schematic circuit diagram showing the 
solid-state image pickup device according to the first 
embodiment of the present invention. 

Since the system configuration of the sensor cell 

15 (light receiving cell) is similar to that shown in Fig. 1 , 
the duplicate explanation on the elements with same 
numerals will be omitted. For the simplified explana- 
tion, a 2x2 pixel structure formed of sensor cells and 
memory cells is shown here. Referring now to Fig. 8, 

20 the memory cells 53-11, 53-12, 53-21, and 53-22 
transfer the outputs from the sensor cells 21-11, 21- 
12, 21-21, and 21-22, respectively. The memory cells 
have the same structure as the sensor cells. Numer- 
als 50-1 to 50-2 represent a row drive line to which the 

25 vertical shift register 52 outputs a drive signal, re- 
spectively; 51 represents the gate line of a MOS tran- 
sistor that resets the bases of the memory cells 53- 
1 1 to 53-22; <j>d represents a reset pulse for the mem- 
ory cells 53-11 to 53-22; 54 represents a MOS tran- 

30 sistor connected to vertical output lines (column lines) 
28-1 and 28-2; and 55 represents a load resistor con- 
nected to each row line. 

Fig. 9 is a timing chart showing the operation of 
transferring a signal from a sensor unit to a memory 

35 unit and of reading a signal out of the memory unit 
Referring to Fig. 9, the MOS transistors 54 are 
turned ON in response to a high level of the pulse 0v C 
to connect the load resistor 55 to the vertical output 
lines 28-1 and 28-2, respectively. The potential of the 

40 gate electrode in the memory cell is set to a higher 
value than the pulse 4> C1 . In this case, the intermediate 
level of the pulse G1 causes the reading operation 
from the sensor cell, with a reverse bias applied be- 
tween the source and the gate. At the same time, with 

45 a high level of the row drive line 50-1 and a reverse 
bias applied between the gate and the source, the 
gate of the memory unit is boosted by a fixed level 
higher than the source follower potential determined 
by the sensor cell and the load resistor 55 so that a 

so sensor signal is transferred to the gate of the memory 
cell. Next, after the signal transfer has been per- 
formed along the second row line, the row drive lines 
50-1 and 50-2 are sequentially set to a middle level 
while the column selection transistors 29-1 and 29-2, 

56 which are controlled by the horizontal shift register 
32, are sequentially turned on, with the reverse bias 
applied between the source and the gate, so that a 
reading operation is carried out through the resistor 

6 
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31. 

In the above-operation, since the signal transfer 
is done at the same time to each row line, the signal 
reading operation can be carried out in a shorter time, 
compared with the conventional example shown in 5 
Figs. 1 to 4 where the row lines are sequentially scan- 
ned corresponding to a selected row line to perform 
a signal reading operation. The shift in the accumu- 
lation timing to each row in the sensor unit is small. 
The use of the memory shielded against light can pre- 10 
vent a signal from being distorted even if a bit-by-bit 
transfer from the memory unit is slow. 

Fig. 10 shows the second embodiment of the sol- 
id-state image pickup device according to the present 
invention. In this figure, junction-type FETs are used is 
as transistors forming sensor cells and memory cells. 
The operation resembles that of the first embodiment. 
In Fig. 10, like numerals are attached to like structural 
members shown in Fig. 8. 

Referring to Fig. 10, like the first embodiment, the 20 
light receiving cell reading operation is performed 
with the gate of a FET biased reversibly. The FET in 
a cell and the resistor 55 makes a source follower. The 
memory unit is written by applying the gate potential 
so as to bias reversibly between the gate and the 25 
source. 

Unlike the SIT, since the FET has a saturation 
current characteristic, the linearity of the source fol- 
lower output to the amount of the signal electric 
charges is near to 1 .0, whereby the photoelectric con- 30 
version characteristic for the light sensor can be im- 
proved. The SIT Is a transistor having a fine channel 
length but the FET can be manufactured with a long 
channel length. Hence, the variation in output due to 
a variation in cell structure can be minimized. 35 

As described above, the embodiment of the pres- 
ent invention includes a transistor forming a light re- 
ceiving cell, a memory transistor corresponding to the 
transistor, and a memory cell for accumulating a sig- 
nal transferred from the light receiving cell into the 40 
control electrode region of the memory transistor. A 
signal is transferred and written simultaneously from 
the light receiving celts to the memory cells associat- 
ed with each row line so that the shift of the accumu- 
lation start timing of each row in the sensor unit can 45 
be suppressed to a small value. 

If a transistor that can read non-destructively a 
signal to a light shielded memory cell is used, the 
same signal can be read out of the memory several 
times. Moreover, the signal electric charge transfer- so 
red is amplified by making the capacitance of the con- 
trol electrode region of the memory cell larger than 
that of the light receiving cell. This feature can sup- 
press the S/N ratio decline due to the noise compo- 
nent such as dark current induced in the memory unit 55 
to a small value. 

Next, explanation will be made as for the third 
embodiment of the present invention with reference 



to the drawings. 

Fig. 11 is a schematic circuit diagram showing the 
solid-state image pickup device according to the third 
embodiment of the present invention. In this figure, 
numeral 1 represents a bipolar transistor (construct- 
ing an optical sensor); 2 represents a capacitor which 
controls the base potential of the bipolar transistor 1; 
and 3 represents a p-MOS transistor which resets the 
base potential of the bipolar transistor 1. An imaging 
pixel acting as a unit is formed of the bipolar transistor 
1 , the capacitor 2, and the p-MOS transistor 3. Nu- 
meral 4 represents a vertical output line; 5 represents 
a horizontal drive line; 6 represents a MOS transistor 
which resets the vertical output line 4; 11 represents 
a buffer MOS transistor which is selected by the vert- 
ical shift register I to apply a drive pulse 4» R to a pixel; 
1 5 represents a terminal which applies a sensor drive 
pulse to the horizontal drive line 5 through the buffer 
MOS transistor 11; 133 represents an emitter follow- 
er; 134 represents a p-MOS transistor; 135 repre- 
sents a terminal which applies a pulse to the gate of 
the p-MOS transistor 134; and 136 represents a ter- 
minal connected to a positive power source. 

Furthermore, numeral 137 represents a capaci- 
tor which capacitively couples the vertical output line 
4 to the base of the bipolar transistor 129; 138 repre- 
sents a switching MOS transistor which fixes the 
base of the bipolar transistor 129 to a predetermined 
potential; 139 represents a terminal which applies a 
pulse to the gate of the switching MOS transistor 138; 

140 represents a positive power source which speci- 
fies the drain voltage of the p-MOS transistor 138; 

141 represents a MOS transistor which connects the 
emitter of the bipolar transistor 1 29 to the vertical out- 
put line 124; 142 represents a terminal which applies 
a pulse to the gate of the MOS transistor 141 ; 143 rep- 
resents a MOS transistor which connects the vertical 
output line 4 to the vertical output line 124; 144 rep- 
resents a terminal which applies a pulse to the gate 
of the MOS transistor 143; 126 represents a MOS 
transistor which sets the vertical output line 4 to a pre- 
determined potential; 127 represents a terminal 
which applies a pulse to the gate of the MOS transis- 
tor 126; 128 represents a positive power source ter- 
minal which specifies the drain voltage of the MOS 
transistor 131 represents a MOS transistor which re- 
sets the emitter of the bipolar transistor and the vert- 
ical output line 124; and 132 represents a terminal 
which applies a pulse to the gate of the MOS transis- 
tor 131. 

Numeral 121 represents a bipolar transistor; 122 
represents a capacitor which controls the base poten- 
tial of the bipolar transistor 121; and 123 represents 
a p-MOS transistor which resets the base potential of 
the bipolar transistor 121. An accumulating pixel unit 
Is formed of the bipolar transistor 121, the capacitor 
122, and the p-MOS transistor 123. Numeral 124 rep- 
resents a vertical output line; 125 represents a hori- 
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zontal drive line; 117 represents a buffer MOS tran- 
sistor which is selected by the vertical shift register to 
apply the pulse <{>w to a pixel; 1 8 represents a terminal 
which applies the pulse <|»w to the horizontal drive line 
125 through the buffer MOS transistor 117; 145 rep- 
resents an emitter followerwhich clamps the accumu- 
lating pixel; 146 represents p-MOS transistor which 
switches the base of the emitter follower 45 or the 
power source terminal 136; and 147 represents a ter- 
minal which applies a pulse to the gate of the p-MOS 
transistor 146. 

Furthermore, numeral 7 represents a capacitor 
which accumulates the output signal from the accu- 
mulating pixel; 8 represents a MOS transistor which 
transfers from an accumulating pixel to the capacitor 
7; 14 represents a terminal which applies a pulse to 
the base of the MOS transistor 8; 9 represents a hor- 
izontal output line; 10 represents a MOS transistor 
which transfers the output from the capacitor 7 to the 
horizontal output line 9; 12 represents a pre-ampllfier 
which produces a sensor output; and 16 represents a 
sensor output terminal. 

The operation of the solid-state pickup device 
shown in Fig. 11 will be explained with reference to 
the timing chart shown in Fig. 2. According to the 
present invention, the operation is characterized that 
the differential signal created based on the external 
light signal at an LED-OFF time and the signal at an 
LED-ON time is accumulated to an accumulating pix- 
el. 

The accumulating operation at LED-OFF time, 
clamp and reset operations are performed as follows: 

When a pulse at a low level is applied to the ter- 
minals 135 and 147, the bases of the emitter follower 
circuits 1 33 and 1 45 are fixed to the positive potential 
of the power source terminal 136 so that the periph- 
eral source region of the p-MOS transistor which 
forms an Imaging pixel and an accumulating pixel be- 
comes a positive potential. As a result, since all the 
p-MOS transistors 3 and 123 become conductive, the 
bases of all the bipolar transistors 1 and 121 are the 
same potential as the output from the emitter follower 
circuits 133 and 145. Next, when a pulse at a high lev- 
el is applied to the terminals 13 and 132, all the emit- 
ters connected to the vertical output lines 4 and 124 
are grounded so that the base potentials of the bipolar 
transistors 1 and 121 are lowered to about V BE or 
about 0.6 volts. This procedure is called a clamping 
operation. As described above, the above- 
configuration performs the clamping operations of 
the imaging unit and the accumulating unit At this 
time, the MOS transistors 138 and 143 are in an off 
state and the MOS transistor 141 is in an on state. 

Next, with a pulse at a high level applied to the ter- 
minal 127, the vertical output line 4 fixed at a power 
source potential of the power source 128, and a pulse 
at a high level applied to the terminal 1 5, the horizon- 
tal drive line 5 selected by the vertical shift register I 



is in a high level. Then, the base potential of the bi- 
polar transistor 1 associated with a line selected 
through a capacitive coupling of the capacitor 2 is 
boosted to a positive direction. However, since the 

5 emitter potential is fixed to the power source potential 
of the power source 128, the base potential drops to 
a certain fixed level due to the base current. When the 
pulse applied to the terminal 15 becomes a low level, 
the base potential is decreased lower than the emitter 

w potential because of a capacitive coupling through 
the capacitor 2, whereby a photo carrier accumulation 
begins. This sequential procedure is called a reset- 
ting operation. This resetting operation is performed 
to a row sequentially selected by the vertical shift reg- 

15 ister I. The accumulating operation starts at the time 
the resetting operation is over and then a signal Is ac- 
cumulated into the base of the bipolar transistor 1 . 

After the accumulating operation in the imaging 
portion, the signal transferring operation is carried 

20 out from the imaging portion to the accumulating por- 
tion. 

In order to read the signal from the imaging por- 
tion, the MOS transistor 131 is turned on while a neg- 
ative pulse is applied to the terminal 139. Further- 

25 more the base potential of the bipolar transistor 129 
is fixed to a certain voltage and then set in a floating 
state. Next, the vertical shift register I sequentially 
sets the horizontal drive lines 5 to a high level to boost 
positively the base potential of the bipolar transistor 

30 1 , thus flowing the emitter current. When the emitter 
potential of the bipolar transistor 1 rises, the base po- 
tential of the bipolar transistor 129 rises through the 
capacitive coupling of the capacitor 137. Then, the 
emitter follower formed of the bipolar transistor 129 

35 and the MOS transistor 1 31 writes the output into the 
accumulation pixel through the MOS transistor 141. 

In the writing operation to an accumulation pixel, 
the vertical shift register II sequentially applies the 
pulse <j)W to the horizontal drive lines 125. The pulse 

40 4>w applied to the terminal 18 to transfer signals is set 
to a high level, a low level, and a middle level. The 
electric charge corresponding to the charge accumu- 
lated into a pixel of the imaging portion at the LED- 
OFF time is stored into the accumulation pixel. 

45 Next, the clamping and resetting operations and 

the accumulating operations at a LED-ON time are 
similar to those described above. Since these opera- 
tions are applicable only to the light receiving portion, 
the terminal 147 remains the high level. Next, the dif- 

50 ferential signal transfer which is the feature of the 
third embodiment of the present invention is done. 
First, when a low pulse is input to the terminals 139 
and 142, a middle pulse is input to the terminal 18, and 
a high pulse is input to the terminal 144, the output of 

55 the accumulation pixel appears on the vertical output 
line 4 via the MOS transistor 143. The base of the bi- 
polar transistor 129 is fixed to the potential of the 
power source terminal 140 and then set in a floating 



state. Next, when the vertical output line 4 is reset to 
a predetermined potential by applying a high pulse to 
the terminal 127, the base potential of the bipolar 
transistor 129 drops by a voltage difference because 
the potential of the vertical output line 4 is sagged due s 
to the capacitive coupling of the capacitor 137. That 
is, the inverted output voltage of the signal at the LED- 
OFF time appears on the base of the bipolar transis- 
tor 129. In this state, when a high level pulse is input 
to the terminals 15 and 18, the output potential of a w 
image pixel, or the signal at the LED-OFF time, is 
added to the base potential of the bipolar transistor 
129. Hence, the differential signal output which is ob- 
tained by subtracting an external light signal compo- 
nent appears on the base of the bipolartransistor 129. is 
Thus, the output from the emitter follower formed of 
the bipolar transistor 129 and the MOS transistor 131 
is written into the accumulation pixel through the 
MOS transistor 141. When the signal amount of the 
LED light is larger than that of the external light, the 20 
potential of the vertical output line 124 at the.second 
writing time is higher, compared with the first transfer 
writing time. However, the bipolartransistor 121 can 
be sufficiently forward biased even at the second 
writing time by grading the level of the pulse 4>w to the 25 
terminal 18. 

After the differential signal has been transferred 
and stored into the accumulation portion, the signal is 
read out of the accumulation portion by boosting pos- 
itively the base potential of the bipolar transistor 121, 30 
with the horizontal drive line 125 set at a high level, 
and thus flowing the emitter current. Thereafter, the 
horizontal shift register transfers the signal of the ca- 
pacitor 7 to the horizontal output line 9 and then out- 
puts it from the sensor output terminal 1 6 via the pre- 35 
amplifier 12. 

Through the operation described above, the dif- 
ferential potential which is obtained by subtracting 
the first accumulation output from the light receiving 
portion (imaging portion) from the second accumula- 40 
tion output in the light receiving portion can be written 
into the accumulation pixel. The output of the accu- 
mulation pixel stored through the first writing opera- 
tion includes F.P.N, (fixed pattern noise) from each of 
the light receiving pixel (imaging portion), the bipolar 45 
transistor 129, and the accumulation pixel, and an ex- 
ternal light signal. Finally, the differential output is 
read as a signal with high S/N ratio out of the accu- 
mulation pixel because all the noise components are 
removed. 50 

According to the solid-state image pickup device 
of the fourth embodiment of the present invention, the 
noise due to the sensor is removed by a differentiat- 
ing process, but removing external light is not pur- 
posed. This purpose is achieved using the sensor cir- 55 
cuit shown in Fig. 11. In operation, the process be- 
tween the first clamping and resetting operations are 
similar to those shown in Fig. 12. Next, without per- 
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forming the accumulation operation, the pixel output 
from the light receiving portion (imaging portion) im- 
mediately after the resetting operation is transferred 
and written to the accumulation pixel. Next, the light 
receiving pixel is subjected to an accumulation oper- 
ation without any other operation and then the differ- 
ential potential is transferred. Like the first embodi- 
ment, the output read out of the accumulation pixel 
does not include F.P.N, of each of the light receiving 
portion pixel, the emitter follower associated with 
each column line, and the accumulation pixel. More- 
over, the reset noise of the light receiving pixel ap- 
pearing as random noises also is removed by differ- 
entiating the outputs in the same resetting operation. 

The solid-state image pickup device according to 
the fifth embodiment of the present invention will be 
explained with reference to Fig. 13. Referring to Fig. 
13, the power source terminal 148 is connected di- 
rectly to the drain of the p-MOS transistor for each ac- 
cumulation pixel to determine the clamp level of the 
base of the accumulation pixel. In this figure, like nu- 
merals are attached to the same elements as those 
shown in Fig. 11. Hence, the duplicate explanation 
will be omitted here. The sequential operation of the 
sensor is substantially the same as those of the third 
and fourth embodiments according to the present in- 
vention. In this embodiment, the terminal 47 used for 
the operation shown in Fig. 12 can be omitted. The 
operation of the present embodiment differs from the 
operation shown in Fig. 12 in that the pulse <|>w is ap- 
plied to the terminal 18. The operational difference 
will be explained now with reference to Fig. 14. The 
pulses <j>w has three potentials: a low level at which 
the p-MOS transistor 123 is turned on, a middle level 
at which the p-MOS transistor 123 is turned off, and 
a high level. The pulse <(>w is normally at a middle lev- 
el. The accumulation pixel is first clamped with a low 
pulse and the first signal transfer is done with a high 
level. In the differential signal transferring, after the 
accumulation pixel output is output to the capacitor 
137 using the high pulse, it is clamped with the low 
pulse. Next, the differential signal is written with the 
high level pulse. This circuit configuration can omit 
the emitter follower that swings the accumulation pix- 
el clamping power source, thus providing the simple 
operation. 

The solid-state image pickup device of the sixth 
embodiment according to the present invention re- 
lates to a bipolar transistor forming an emitter follower 
connected to each column line. As shown in Figs. 11 
and 13, the emitter follower is formed of the bipolar 
transistor 129 and the MOS transistor 131, Since the 
bipolar transistor 1 29 operates with its base in a float- 
ing state, the base potential decreases during the op- 
eration of the emitter follower. In this embodiment, as 
shown in Fig. 15, the Darlington-type bipolartransis- 
tor 149 is substituted for the bipolar transistor. This 
circuit configuration can sufficiently suppress the 
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drop in the base potential during the operation of the 
emitter follower, thus decreasing the attenuation of 
the transfer signal. 

The operation of the solid-state image pickup de- 
vice of the seventh embodiment according to the 5 
present invention will be explained with reference to 
Fig. 16. Referring to Fig. 16, numerals 7-1 and 7-2 
represent capacitors each which stores the output 
signal from an accumulation pixel; 8-1 and 8-2 repre- 
sent MOS transistors which transfer the output from 10 
an accumulation pixel to the capacitors 7-1 and 7-2, 
respectively; 14-1 and 14-2 represent terminals which 
input pulses to the bases of the MOS transistors 8-1 
and 8-2, respectively; 9-1 and 9-2 represent horizon- 
tal output lines; 10-1 and 10-2 represent MOS transis- 15 
tors which transfer the outputs of the capacitors 7-1 
and 7-2 to the horizontal output lines 9-1 and 9-2, re- 
spectively; and 150 represents a differential amplifier 
connected to the horizontal output lines 9-1 and 9-2. 

Numeral 7-1, 7-2 14-1 and 14-2 correspond re- 20 

spectively to the capacitor 7; the MOS transistor 8; 
the horizontal output line 9; the MOS transistor 10; 
and the terminal 14, shown in Fig. 11. In this embodi- 
ment, all the elements are arranged in two sets. 

In this embodiment, the base of the emitter fol- 25 
lower formed of the bipolar transistor 129 and the 
MOS transistor 131 is directly connected to the vert- 
ical output line 4. Unlike the third embodiment, the ca- 
pacitor 137 and the p-MOS transistor 138 are not ar- 
ranged in the present embodiment. The resetting, ac- 30 
cumulating, reading, and writing processes of each of 
the sensor portion (imaging portion) and the memory 
portion (accumulating portion) are the same as those 
in the third embodiment. In the seventh embodiment, 
the sensor operates twice. In the first operation, both 35 
a signal and an external light signal are accumulated. 
In the second operation, only the external light signal 
is accumulated. Two kinds of memories -one for writ- 
ing a signal and external light, and the other for writing 
only an external light- are prepared (the number of 40 
memory cells is twice that of the sensor cells). After 
the memory cells read out those outputs to the capac- 
itors 7-1 and 7-2. respectively, the horizontal shift 
register transfers simultaneously them to the horizon- 
tal output lines 9-1 and 9-2, respectively, thus input- 45 
ting them to the differential amplifier 150. This oper- 
ation allows a signal with a high S/N ratio to be output 
to the output terminal 1 6, the signal from which the ex- 
ternal light component, the variation in the light re- 
ceiving cells, and the variation in each of the emitter so 
followers 129 and 131 are subtracted. 

As described above, according to the third to sev- 
enth embodiments, the operation by which F.P.N, of 
the sensor, or, If necessary, the undesirable external 
light signal and the random noise of the sensor is sub- 55 
tracted can be realized. Furthermore, since the am- 
plified signal can be stored into the accumulation por- 
tion, the sensor output with high S/N ratio can be ob- 



tained. 

Moreover, since the signal from the signal accu- 
mulation pixel (memory cell) is read non-destructive- 
ly, it is possible to perform the reading operation sev- 
eral times. 

In the above-explanation, the bipolar transistor 
(with a base acting as a control electrode and an 
emitter or collector acting as a main electrode) has 
been preferably used as the transistor which is capac- 
itiveiy connected to the output of a photoelectric con- 
version pixel. However, it should not be limited only to 
the use of a bipolar transistor, but field-effect transis- 
tors, for example, may be used In the embodiments. 
A pixel that includes a bipolar transistor storing a sig- 
nal as a base potential has been used as a photoelec- 
tric conversion pixel or a signal accumulation pixel. 
However, in the present invention, the pixel should 
not be limited to the above-pixel structure. Any ele- 
ments each acting as an amplification-type sensor 
can be preferably used as a pixel. 

Details of the construction of a bipolar type light 
sensitive transistor are given in, for example, EP-A- 
0132076. 

Although various combinations of features have 
been disclosed with reference to the Illustrated em- 
bodiments, the present invention is not limited there- 
to. Features from different embodiments may be 
combined and the various disclosed features may be 
used separately or in combination with any other of 
the disclosed features. 



Claims 

1 . A solid-state image pickup device, wherein plural 
photoelectric conversion pixels each of which ac- 
cumulates electric charges created due to the en- 
ergy of received light and produces the amplified 
electric charges are arranged in a matrix form, 
comprising: 

a transistor having a control electrode 
coupled capacitively to the output side of each of 
said photoelectric conversion pixels; and 

a switch for switching said control elec- 
trode to a predetermined potential or an electri- 
cally-floated state, whereby a pixel signal is pro- 
duced from a main electrode of said transistor. 

2. The solid-state image pickup device according to 
claim 1, further comprising a signal accumulating 
pixel which accumulates an output signal from 
said transistor. 

3. The solid-state image pickup device according to 
claim 2, wherein said photoelectric conversion 
pixel and said signal accumulation pixel are 
formed of the same type. 
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4. The solid-state image pickup device according to 
claim 2, further comprising a switch for connect- 
ing an output line for said photoelectric conver- 
sion pixel to an output line for said signal accumu- 
lation pixel. 5 

5. The solid-state image pickup device according to 
claim 2, wherein said signal accumulation pixel 
comprises a bipolar transistor to which an output 
signal from said transistor is written as a base po- 10 
tential. 

6. A solid-state image pickup device, wherein plural 
photoelectric conversion pixels each of which ac- 
cumulates electric charges created due to the en- 15 
ergy of received light and produces the amplified 
electric charges are arranged in a matrix form, 
comprising: 

a transistor having a control electrode 
coupled to the output side of each of said photo- 20 
electric conversion pixels; 

signal accumulation pixels of which the 
number is twice the number of said photoelectric 
conversion pixels, each of said accumulation pix- 
els to which both a pixel signal formed of a noise 25 
component output from a main electrode of said 
transistor and a pixel signal including said noise 
component are written; and 

a means for subtracting a pixel signal 
formed of a noise component output from each of 30 
said signal accumulation pixels from a pixel sig- 
nal including said noise component 

7. The solid-state image pickup device according to 
claim 6, wherein said signal accumulation pixel 35 
comprises a bipolar transistor to which an output 
signal from said transistor is written as a base po- 
tential. 

8. A solid-state image pickup device comprising: 40 

a light receiving cell including a transistor, 
for accumulating electric charges created in re- 
sponse to a photo energy striking said control 
electrode region and then for producing a signal 
from a main electrode region based on the accu- 45 
mulated carriers, said transistor having said con- 
trol electrode region and said main electrode re- 
gion which are formed in a semiconductor sub- 
strate of a first conductivity-type, said control 
electrode region being formed of a second con- 50 
ductivity-type opposite to said first conductivity- 
type, said main electrode region being formed of 
a semiconductor of said first conductivity-type, 
whereby current through said main electrode re- 
gion is controlled by varying the size of a deple- 55 
tion layer defined between said control electrode 
region and said main electrode region by a poten- 
tial of said control electrode region; 



a memory cell including a transistor and a 
memory cell corresponding to said transistor, to 
accumulate a signal transferred from said light 
receiving cell into a control electrode region of 
said memory transistor; and 

a signal line for electrically connecting 
said main electrode region for said light receiving 
cell and said main electrode region for said mem- 
ory cell. 

9. The solid-state pickup device according to claim 
8, wherein each of said light receiving cell and 
said signal pixel transistor comprises a static in- 
duction transistor. 

10. A photoelectric conversion device comprising a 
photosensor and a memory transistor coupled for 
transferring a photo-signal from the photosensor 
to the control region of the memory transistor, the 
memory transistor being arranged to provide an 
output signal from a main electrode region corre- 
sponding to the charge stored on its control re- 
gion. 

11. A device according to claim 10 in which the pho- 
tosensor is a photosensitive transistor. 

12. A device according to claim 10 or claim 11 in 
which the memory transistor is positioned offset 
sideways from the photosensor. 

13. A device according to any one of claims 10 to 12 
in which the memory transistor is shielded from 
light. 

14. A device according to any one of claims 10 to 13 
comprising an array of said photosensors and an 
array of said memory transistors. 

15. A device according to claim 14 in which the array 
of memory transistors is positioned beside the ar- 
ray of photosensors. 
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) Solid-state image pickup device. 



CO 

< 



) A solid-state image pickup device includes a 
light receiving cell for accumulating electric 
charges created in response to a photo energy 
striking the gate of an amplification-type sensor 
and then produces a signal from the source 
region based on the accumulated carriers, a 
memory cell including an amplification-type 
memory cell having the same type as that of the 
above-mentioned amplification-type sensor, to 
accumulate a signal transferred from the light 
receiving cell into the base region of the amplifi- 
cation-type memory cell, and a signal line for 
electrically connecting the source region of the 
light receiving cell and the source region of the 
memory cell. The shift of the accumulation start 
timing to each row of the light receiving cells is 
suppressed to a small value. The same signal 
can be read from the memory cell several times. 
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